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(54) Deformabfe tube 

(57) A deformaHe tube has a wal which cornprises 
a number of axial, toroidal or holcal tubules which are at 
least partty deformed m response to deformation of the 



tube n racial anoVor axial directions. 
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Description 

Background of the invention 

[00011 The invention relates to a deformans tube. 
[0002] K is known from US patent specifications Noa 
3.353.599 and 5.014.779 to insert a corrugated tube 
into the wetbore of an underground borehole and to 
expand the tube downhole into a tubular shape. 
[0003] US patent specification No 5.366,012 dis~ 
doses the expansion of a slotted pfpe of which the sJcts 
open up as a result of the expansion so as to reduce the 
racSaJ forces needed to expand the pipe. 
[0004] The use of slotted or brtftafy corrugated pfces 
has the disadvantage tat the expanded pipes have a 
United mechanical strength. 
[0005] IraarriettonaJpetemappictfk^ 
WO 96*00626 rJscloses the exp ansi on of en unstated 
cyindrical pipe by means of an expa nsi on rnandrel. 
[0006] A disadvantage of toe latter expansion method 
is fiat forces to expand t>e pipe are relatively high and 
that the pjpe contracts as e result of the expansion proc- 
ess. 

[0007] ft is an object of the present invention to allevi- 
ate the dteadvantages of the known techniques and to 
provide a robust and deferrable tube which can be 
expanded or otherwise deformed by using a retativery 
low deformation force 

Summary of the invention 

[0006] The detormaWe tube according to the invention 
thereto comprises a waJ which is at ieast partly formed 
by a number of tubules, wherein at least one tubule is at 
least party deformed in response to deforrnation of the 
tube. 

[0009] Tto deformation rr^invotofl 
change of the tubular shape of the tobutes, which 
requires principally bencBng forces which are sigrufi- 
canUy lower than the tension forces thst are required to 
expand a tubular cylindrical papa 
[0010] It may be required to obtain a tube which can 
be deformed easily in an axial or in a radial duection or 
in both ejections. A racSafly deforrnebte tube is useful » 
the tube is for example to be used as an oi ancVbrgas 
production tubing which Is to be inserted into a relatively 
narrow and toegutarty shaped underground weabora 
An axtaBy cWormable tobe is useful if the tube is a pro- 
duction iner or tubing, a wafl casing or other weU tubular 
which is Installed fn a compacting reservoir where there 
is a risk of bucking of the wej tubufars as a result of the 
compaction process, 

[0011] H a raclaflydetormeble tube is required His pre- 
ferred that the wall of the tube is at least partly formed 
by a series of axiaJ tubuJes which each extend in a (frac- 
tion substantially parallel to a tongftucSnal axis of the 
tube such thai upon a radaj deformation of the tube the 
axial tubules are at least partly deformed. 



[0012] If an axiafly deforrnabte lube is required « is 
profaned tut the wail of (he tube is at least partly 
formed by a series of toroidal tubules which extend in a 
substantially circular direction arourxl a IcrigftixM 
5 of the tube wxh thai upon ajriaJ deformation of fie tube 
the toroidal tubules are at feast partly flattened or other- 
wise c^tormed. 

[001 3] Ha tube is required which is both axiafly and 
racSafly deformaWe. it is preferred that the wal of the 

10 tube is at least parity formed by one or more heficaJ 
tubules which extend in a substantia^ helical direction 
with respect to a longitucJnal axis of the tobe such that 
upon deformation of the tube in a cfrecbon which is ori- 
ented at an angle relative to a bngaudnal cSrection of 

is each of tie helical tubules, at least one of toe hefical 
tubules is deformed 

[0014] The tubules may be made of a metal, elastic 
rubber or other material and may be welded, brazed, 
bonded or otherwise secured to acfacertt tubules or 
so otherpartsof the wall of the tube. 

[0015] The tubules may before expansion have a 
folded, cylindrical, ettpbcal or prismatic shape and may 
as a result of the expansion be unfolded or flattened into 
an effipocal, cylindrical or prismatic shape 

29 [0016] Suitably, the tubules contain at the outer 
periphery of the tube openings or weak spots which 
open up as a resutt of the cMormafon process such thai 
one or more fluids are squeezed from the interior of the 
tubules into the space surrounding the tube. 

30 [0017] (n that case the ftuids that are squeezed from 
the interior of the tubules may contain one or more 
chemicals, such as a chemical treatment fluid or com- 
portents of a Squid cement sfurry or component s of a 
curing agent which components are onry mixed when 

x or after they have been squeezed out erf the tubuies. 

BrMiteriBtiQP of tttt drjBMDQB 

[0018] The invention wfl! be described in more detail 
40 and by way of example with reference to the accorrpa- 
rtying drawings, in which 

Rg. 1 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wafl 
45 that is made of a series of axial tubules which are 
cyfnorioai before expansion and eCpticaJ after 
expansion; 

Rg. 2 is a aoss-axiaJ sectional view of a tube both 
before and after expansion, which tube has a wan 
so that comprises a series of axial tubules which are 
prismatic before expansion and elliptical after 
expansion; 

Rg. 3 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wafl 
65 that is made of a series of axial tubules which are 
etSpbcai both before and after expansion; 
Rg. 4 Is a cross-axiaJ sectional view of a tube 
before expansion where the wall of the tube com- 
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prises a series of axial tubules and toe tube is 
folded into a substantially flat shape before & is 
unfolded and expanded; 

Fg. 5 is a longitucSnal sectional view of a tube 
which comprises a wal that is made of a series of * 
toroidal tubules; 

Rg. 6 is an enlarged detal showing the cyfnotfcaf 
shape of three of the toroidal tubules that are encir- 
cled in Fig. 5; 

Fig. 7 is a longftucSnai sectional view of the tube of io 
Fig. 5 attar axial compression of the tube; 
Fig. 8 is an enlarged dotal showing the efliptical 
shape of three of the toroidal tubules that are encir- 
cled In Fig. 7; 

Fig. 9 Is a cross-axial sectional view of a ratfaJy is 
e x p an d a ble tube co mpri si n g six ana! or he&csJ 
tubules both before and after expansion of (he tube; 
Fig. 10 Is ■ cross-axial sectional view of an unex- 
panded tube of which the wal oonpriseaaseriesof 
folded tubules which unfold into a cv&noYicaJ shape so 
ouring the process of expanding the tube: 

Fig. 11 is a cross-axial sectional view of another 
inexpanded tube configuration where the wail com- 
prises a series of folded tubes which unfold into a 
cyflndrical shape during the process of expanding 25 
the tube; and 

Fig. 12 is a cross-exaJ sectional view of an unex- 
pended tube which folds open during the expansion 
process and which comprises a tubule which ads 
as a plastic hinge and which is Rattened as a result so 
of the expansion process. 

Mated ttefiprjpfon of the invention, 

{0019] Referring now to Fig. 1 there is shown a tube 1 as 
In a cyindricaJ wefeore or other cavity 2, which tube 1 
has a wal that is made up of a series of axial tutxies 3 
which are substantially cylindrical before expansion of 
the tube 1 and eJfpucaJ after expansion of the tube 1 to 
an enlarged cSameter. as illustrated by reference 40 
numeral 3B. 

[0020] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by increasing the hydraulic 
pressure in tie irterior 4 of the lube 1. As a result of the 
expa n si o n process the tubules 3 are subject to a bend- 45 
ing process so that relatively low forces are required. 
[0021] If the tubules 3 are made of steel or another 
metal ften it is preferred tui the tubules 3 are sintered, 
welded or brazed together along the length of the areas 
5 where the tubules 3 touch each other. 50 
(0022] If the tubules 3 have an impermeable wal and 
the tube 1 is used ternporarily in the cavity 2. for exam- 
ple to provide a temporary seal, then the tube 1 can be 
racOaDy contracted again by pumping a high pressure 
fUd into the interiors 6 of tie tutxies 3. which wi 55 
induce the flattened tubules 3B to resume their tubular 
shape, so that the tubal racfial shrinks and can be eas- 
ily removed from the cavity 2. 



10023] tf the tube 1 is to be used per ma nently in the 
cavity 2. tor example a the tube 1 is to be used as a well 
casing, then at least some of the tubules 3 may be filed 
with ipuid components of a cement slurry or other cur- 
ing agent such as a silicone get and tie outer wail of 
these tubules may contain opening s 7. or weak spots 
which are opened as a result of the expansion process, 
via which said Bqutd components are squeezed Into the 
s*rrouridingannutospaca8su n 
tube 1 and the Squid components mix up and cure to a 
hardened cement, si icons or other cured sealing com- 
position. 

{0024] Rg. 2 iustrates an aft emative ernbodiment of 
the deformabte tube according to the invention. TNs 
tube 9 is also racSaDy deformeble and comprises a 
series of tubules 10 which are prismatic before expan- 
sion and efflptical after expansion, as iustrated by refer- 
ence nLfnenri 10B. 

[0025] The tubules 10 are arranged substantially par- 
aWtothetongrtutfnalaxis 11 at tm centre of the tube 
9. The tubules 10 are made of steel or another metal 
and are connected to each other by lonptudina! welded, 
brazed or sintered bonds 11. 
10026] Fig. 3 shows yet another e mboc ir nent of the 
deformabte tube according to the invention, in which the 
tube 12 is radially deformable and comprises a series of 
tubules 13 which are effiptical before and which have an 
elipbcai. almost flattened shape after radial expansion 
of the tube 12. 

[0027] In this ernbodunent the tubules 13 deform from 
a first efliptical shape. iQustrated by reference numeral 
13A m which the largest width of tie effiptical tubules 
13A has a racial orientation into a second effiptical 
shape, iflustrated by reference numeral 13B in which the 
largest width of the elliptical tubules 1 3A has a tangen- 
vat orientation. 

0)028] Referring now to Fig. 4 there is shown a 
deformable tube 14 which comprises a series of axial 
tubules 15. wherein two pairs of tubules at opposite 
sides of the tube 14 are Interconnected by plastic 
hinges 16. These plastic hinges 16 alow the tube 14 to 
be stored and transported in a flattened shape eg. 
around a reeling drum (not shown). 
[0029] When tie tube 14 is then unreeled from the 
reefing drum it can be brought into a cyf ndrical shape 
by a guide funnel (not shown). K the tube 14 Is to be 
used inside a wel or inside another tubular the cyindrl- 
cat tube 14 is then reeled into the weilxxe or the interior 
of tie other tubular and expanded for example by pump- 
ing a high pressure fluid Into the Interior 17 of the tube 
14. 

[0030] The initially flattened tube configuration shown 
in Fig. 4 allows an easy storage and transport of the 
tube 14. ag. on a small diameter reeling cfrum. during 
the manufacturing stage and during transport from the 
rmrutacturing site to the site where the lube 14 is to be 

used. 

(0031) Figures 5. 6, 7 and 6 show yet another ernbod- 
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(niert of the deformable tube acccrolng to the invention 
in which the tubutes 18* B have a toroidal shape in 
order to mate tt>e tobe 19 axialy deformable. 
[0032] Tha tube 19 shown in Fig. 5 can be a produc- 
tion finer in a compacting oil or gas bearing formation, * 
where as shown in detafl to Rg, 6 the toroWaJ tubules 
18A have a substantia^ cyfihdrlcal shape. In the config- 
uration shown in Rg, 7 the tube 19 has anally con- 
tracted so that its length is 18% shorter than its original 
length shown in Fig. & 10 
[0033] As a result of tie axial contraction of the fcixi 
19 the tubules 18B shown in Rg. 7 have been deformed 
Into an efptfcaJ shape, as is shown in more detail in Rg, 
8. 

[0034] Referring now to Rg. 9 tfwre is shown a tube is 
20whichisexpano^wttr^aweBbore2l or other cav- 

»ty 

10038] The tube 20 has a wall that cornprtees six 
tubules 23. 24. 25. 26, 27 and 28 which extend in an 
axial or hefcaJ cortguratwn relaJve to the torvjrtuosrffll » 
axis 29 of the tube 20. 

[0038] Adjacent tutxies 23. 24. 25, 26. 27 and 2B are 
interconnected along their lengjhby elongate welds 32. 
PXtistx hinges 22 are located in the wafls of the tubules 
23-28 at both sides of each weU 32. « 
[0037] The unexpanded tube 20 is shown at (he cen- 
tre ol the drawing. The six unexpanded tubules 23-28 
each have the form of a pie sector and only a minor gap 

80 Is present between adjacent tubules 23-28. To 
expand the tube 20 a pressurized fluid is pumped hto » 
the gaps 30 which wS induce the tube 20 to expand urtB 
the wafts ol the tubules 23-28 are stretched and/or the 
outer waite of the tutxies 23B-28B are pressed against 
thewett>ore21. 

[0038] The voJums-sfficieni tube con figu n ^ ahown * 
In Rg, 9 is attracts V toe tube 20 is to be Inserted Wo 
the wefeore 21 via a narrow excess, such as a small 
diameter production tubing, Furthermore the internal 
volume of the unexpended tubules 23-28 Is relatively 
large whereas the internal volume of the expanded to 
tubules 23B-288 is relatively small so toat a the walls at 
the outer ctroinrferenee of toe tubules 23-28 are perfo- 
rated or become during expansion otherwise fluid per- 
meable a redelivery large volume of fluids is squeezed 
from the interior of the tubuses 23-28 into thesurrounoV 45 
Ingannuajsafritorfcxniattori 
[0039] In this way arelath^ large votxrwofasea^ 
agent and/or treatment laid can be injected into the 
annul us surroundtog the tube 20 and/or the formation 

81 surrounding the weftore 21. so 
[0040] The externally perrneabie tube 20 is very suit- 
able to inject eatrront fluids into an underground for- 
mation 31 which comprises along the length of the 
weftxre 21 layers of varying perrneabffly. tf the outer 
waHd the tubules 23-28 have a sigrinca^ ss 
permeabflity than the surrounding Formation 27. then. 

as soon as the outer wafl of the tubules 22B-268 is 
pressed against the weflbore 21. a relatively constant 



fkix of treatment fluid w3 be squeezed into the various 
swrountfing formation layen; so thai the risk of injecfion 
of aeatment fajkd mainly into the permeable formation 
layers and by-passing of less permeable layers is mini - 

nued. 

[0041] tf the tube 20 is used «s a treatment fluid injec- 
tion tod then the outer waits of the tubules 23-28 may 
be made of a permeable rubber and/a a fabric and the 
inner waOs of the tubules 23-28 which face the interior 
30 of the tube 30 may be made of an impermeable rub- 
ber. After Injection of the t reat nwrt fluids the pressure In 
the interior 30 of the tube 20 may be reduced so that the 
tube 20 radially contracts and can be removed from the 
borehole 

(0042] Instead of Blowing the tube 20 to contraetafter 
Oide have been injected into the formation the tube 20 
may be aflowed to harden to the expanded position 
against the weflbore 21 by biixeg na flng the fabric or 
other material w3h a stowfy curing epoxy or other plastic 
cornposfton, so that the eofitflfied tube 20 then serves 
as a wefl finer. 

[0043] The tube 20 and the hi* oortfgurations shown 
in Rgs. 1-4 may also have walls that are made of a sieve 
materiaJ. In that case the tube may be expanded by an 
expansion cone or by a balloon that is inflated in the 
interior of the tube. 

[0044) Since the sieve materiaJ that then forms the 
walls of tubules Is mainly bent and not or hardly 
stretched the sieve opening size wfll remain fairly con- 
start during the expansion process. Tne exparxJed tube 
of sieve material then serves as a titer that prevents 
sand and other solid materials to enter the wettwre2l. 
[0045] The raclaly expandable tube 20 and the other 
racxaOy expe nd abl e tube configurations shown in Figs. 
1-4 may also be made of tubules 23-28 which are made 
of a fluid impermeable material, such as steel which 
only deforms if the pressure in me interior 30 of fteiAe 
exceeds a pre-eet level. In that case the tube may be 
instated as a production tubing which serves as a 
downhde blow-oul preventer which expands and seals 
of the amurus surrounding the production tobing it a 
blow-out occurs. The racially expandable tube cortftgu- 
ration shown in Rg. 9 can also be used asadril string. 
In that case drifing mud is pumped through the interior 
of the tubules 23A-28A during drilinQ. At the end of a 
drt&ig cycle high pressure fluid Is Injected into toe Inte- 
rior 30 of the tube 20 so fiat toe tube 20 te expanded 
against the borehole wall 21 and forms a inJng of the 
weflbore and the cW bit and ofcwnhole motor assembly 
is puled to the surface by a wireline or coiled tubing 
passtog through the interior 30 of the tube 20 and also 
serves as an expansion cone. 
[0046] If only minor expansion of the tube is required 
then the wall of the tube may be provided with only one 
or a lew axial or heficaJ tubules. 
(0047) tf the wals of the tube 20 or the other raomlry 
expandable configurations are made of a rubber or 
other elaslicafly deformable material then the expanded 



4 



7 



EP0952 305A1 



8 



tube may serve as a high expansion packer or bfidge 

pMj. 

[0048) ft wifl be understood thai if the tubules ere ori- 
ented in an arial cfrecbon a radalry cteforrnatfe tube wi 
be obtained, tf the tubutes axe oriented in a circumferen- 
tial (fraction as shown in Figs. 5-8 then an axlaQy 
deformable tube wiS be obtained. 

(0049) If the tubules are oriented in a hefical direction 
the tube wffl be ctoformabie both in axial and radaJ 
directions and the pitch angle of the hefcal configura- 
tion of the tubules wffl then WUence the degree in 
which the tube « axiafly a racfiaJfy deformable. 
[0050] F^^9hCHfS^ ca - t} g un^ >^eA\it)eiO 
cxxnprise6 a wail thai consists of a series of axial lotta- 
btetobUes41. 

[0051] I the tubules 41 are made of steel then they 
are intenxnnected side by side along their length by 
trial welds 42. Each fcixie 41 comprises at tie outer 
circ umfere nc e of the lube 40 a single plastic hinge 43 
and at the inner tirc urrtero n ce of the tube 40 a set of 
tour plastic hinges 44. 45, 46 and 47. Each of these 
plastic hinges 43-47 is formed by machining an axial 
groove in the inner and/or outer surface of the wail of the 
tutxde 41. 

[0062] The set of tour plastic hinges 44-47 defines a 
wafl segment where the tubules 41 can be folded 
inwanty to form a U- or delta-shaped recess 48 that 
faces the interior 49 of the tube 40. 
[0063] Tr^tii>e 40 teexparxied by pijmptTg a pressu- 
rized fluid into the interiors 50 of the tubules 41 which 
causes the tubules to untoW by hinging about the plastic 
hinges 43-47 so that the tubules 41 each obtain a cylin- 
drical shape (not shown). 

[0054] Ai«resuttc4theun*c**igofthe tubules 41 the 
tube 40 obtains a larger external and internal cSameter. 
[0065] Rg. 11 shows another tube 51 which com- 
prises a wall that consists of a series of axial toWabJe 
tubules 52. 

[0056] If the tubules 52 are made of steel then they 
are interconnected side by side along their length by 
axial welds 53. Each tubule 52 comprises both at the 
outer and the inner circ um feren ce of the tube 51 a set of 
four plastic hinges 54 that are formed by machining 
axial grooves in the inner anoVor outer surface of the 
wafl of each tubule 52. 

[0057] Each set of four plastic hinges 54 defines a waf 
segment where the tubutes 52 can be folded inwardly to 
form a U- or delta-shaped recess 55 that faces either 
the exterior 56 or the interior 57 of tie tube 51 . 
[0058] The tube 51 Is expanded by pumping a pressu- 
rized fluid into the interiors 58 of tubules 51 which 
causes the tubules 52 to unfold by hinging about the 
ptestic hinges 54 so that the tubutes each obtain a cylin- 
drical shape (not shown). 

[0059] As a result of the unfolding of the lixies the 
tube 51 obtains a larger external and internal cSameter. 
[0060] Rg. 12 shews a toWaJbie tube GO which com- 
prises at its lower side a single plastic hinge that is 



formed by an axial tubule 61 and at its upper ode a set 
of four plastic hinges 62 that are formed by rracfwxng 
axial grooves in the outer or inner surface of the waD of 
tie tube 60. 

5 [0061] The four plastic Nnges 62 define a defta- 
shaped recess 63 at the upper side of the tube 60, when 
tie tube is In its folded shape. 
[0062] The tube 60is unfolded by pumping a pressu- 
rized fluid into Sieirterior 64 of the tube 60. This causes 

to the tube to untold in the direction of Ihe arrows into the 
cylindrical shape which fc Rarfrmed by trie broken Ines 
60A The tubule 61 then acts as a ptastc Nnge and 
obtains as a result of the unfolding of the tube 60 the 
eSpbcal shape which Is flaistrBtedbybrole3nlnes61A. 

ts (0063) Thetubute61 is mede of a r^asscety detorm- 
abto material, such as a formabie high-sterigth low- 
ftftoy or dual phase steel grade, which also provides 
flexfo«y to tie tube 61 in drc u n tfe rential drecson dur- 
ing the unfokSng procedure. After tie unfokfing proce- 

20 dure a curing agent may be pumped into the interior 65 
of the empties! tubule 61 A to reinforce the tobufte 61 A. 
The interior 65 of the tubule 61 may cornprise electrical 
ancVor hydraufc conduits for transmission of electric 
anoVbr hydrauic power and/or signals along the length 

25 of the tube. 

[0064] The ernbodiments of the deformable tube 
shown in tie drawings provide a tube which can be 
deformed easily and which can be reeled on a reef ng 
drum. The tube can be unreeled from the drum and 

so v^ected into an undarground borehole or other cavity in 
which the tube is to be used. The tube is subsequently 
deformed inside the borehole or other cavity by chang- 
hg tie tubular shape of one or more tutxries in the wafl 
of the tube. The defor mati on may involve Rattening, 

55 uftofolngor ether deternwlion of the tubule cftubU 

Claims 

1. A deforrnabte tube having a wall which is at teest 
40 partly formed by a number of tubutes, wherein at 

least one tubule is at least partly deformed to 
response to deformation of the tube. 

2. The deformable tube of daiml. wherein thewetof 
<5 the tube is at least partly formed by a series of axial 

tubutes which each extend In a cSrecbon eubetan- 
taUy parallel to a tongfturjnal axis of the tube such 
tiat upon a radial deformation of the lube the axial 
tubules are at least party deformed 

so 

3. The deformable tube of daiml, wherein the walof 
tie tube is at least partly formed by a series of toroi- 
dal tubules which extend in a substantiaty circular 
direction around a longitudinal axis of lhetibe such 

65 that upon axial deformation of the tube the toroidal 
tubules are at least party deformed. 

4. The deformable tube of claim 1, wherein the walof 
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the tube is at least parity formed by one a more 
hefcaJ tubules which extend in a substantially beB- 
cat direction wtm respect to a lorytuomal axis of 
the tube such that upon deformation of the tube to a 
direction which is oriented at an angte relative to a § 
tonajtuomaJ (fraction of each of tie helical tubules, 
at least one of the hefical tubules te at least party 
deformed. 

5. The defence tube of daim 1. wherein the wallof to 
the tube ts at least parUy formed by a number of 
substantially parallel tubules which are arranged 
side by side and are connected to each other. 

e. The defer made tube of daim 5, wherein the is 
tubules are made of metal and the sides of a pair of 
adjacent tubules substantially touch each other and 
are sintered, welded, spot welded, brazed, bonded, 
or otherwise secured to each other. 

to 

7. The deformabie Ube of daim 5. wherein the 
tubules are made of a plastic or eiastomeric mate- 
rial or a fabric and the sides of acfacent tubules 
substantially touch each other and are bonded to 
each other. 25 

8. The deformabie tube of dam 1. wherein before 
deformation of the tube the tubules have a substan- 
tiafy cylindrical shape and deform into a substan- 
bafy eUpticaJ a flattened shape in response to so 
deformation of the tube. 

9. The deformabie tube of daim 1. wherein before 
detorrnatJon of the tube the tubiie* have a substan- 
tialy prismatic shape and deform into a substan- x 
tiafy flattened shape in response to deformation of 
the tube. 

10. The deformabie tube of daim 1, wherein the 
tubules contain at the outer periphery of the tube 40 
openings or weak spots which open up as a result 

of the defor mati on process such that one or more 
fluids are squeezed from the interior of the tubules 
into tie apace surrourxfing the tube. 

45 

11. The o^formatte tube of daim 10. wherein the fluids 
that are squeezed from the interior of the tubules 
contain one or more chemicals, such as compo- 
nents of a liquid cement slurry, comport* * of a 
curing aQent or a chemical freatment fUd. so 
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